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 Engineering/Statisticalhypothesis– c
assumesafixedmissionprofile(i.e.userb
“humanfactors”meansclarityandusabil
 RiskManagement(deMere,Pascal,Fermat
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riskmaypartlyadjustwhenanimprovem
 RiskHomeostasis(Wilde1982)
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Unexpected Outco
 MontanaNoSpeedLimit1995
TRAFFIC SAFETY
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 WaronDrugs– “JustSayNo”–
LARGE GOVERNMENT PROGRAMS
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 WaronCancer
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 CommercialAirTransportation
MISCELLANEOUS ACTIVITIES
 Peoplewillpaymoreforsafetyinthe
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 First,aprofitaxiom
   
 Economicutility(Value)tousersofth
 Seller/producerwillsetprice =VF tom
 Combine previous axioms & so   
 Applytheinnovationaxiomtogetcos
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 Combine previous axioms & so
.      
 Nowvirtuallyallcarswillgo200,000miles
 After20yearsofcompetitiveevolution,Japanhaslo
. HowBoeing,ATT&IBMdominatedwithexp
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The Bad News
 Competitiveequilibrium
 The formula assumes operation at the op
  
     
 Ifacompanydoesnotoperatethere,itwillbeacqu
 Byculture,contracting,employeerotatio
Governmentgenerallyoperatesclosetothes
 Wehaveseenmanyadministrationspledgetomake
 DatamaybeunavailableforDdu
(i.e.profit)
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 Montanaspeedlimit?
  
 Perceptionofgreaterrisk(highRO)fro
 Badcrasheswithspeedingdriver,highCC
 Greaterriskofcrashduetootherdriver’shighD
 Greatercognitiveawarenessofallrisk
bydriverstobeconservative
 Nofaultautoinsurance?
 ReducedCC todriver,duetobetterins
 Seatbeltandairbageffects?
 PerceivedslightlylowercostCC (dam
 Relativetoincorrectlyperceivedlowerthanactu
 Incorrectperceptionofnearimmunity
i i i f b kl dpoorpos t on ngo un uc e occupa
 i.e.bagsareofalmostnovalueunlessbuckledu
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age)fromcrasheswhenbuckled
alrisk/costofunbuckleddriving
toCCwithairbags,mostcrashesnotheado
d i hnts ur ngcras
p,andmostoftheprotectioncomesfromthebelts
Application to Exam
 Warondrugs?
  
 Addsupplyfocusedenforcementtoc
 VF madehigherbyerroneous“justsay
 UserCC madelowerbymedicaladvan
 Waroncancer?
 D1duetolackofacure(alldefects
P i d V i h f erce ve  F r sesas ope orcureper
 Airtransportation?
 CC is high and perceived higher (lotter    
 Disverylowduetoindependentcert
 DependenceofVF onRO,valueofhigh
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y effect, disaster avoidance effect)   
ification&investigation
riskairlineorairplanedropstozero
Application to Exam
 Firesafetyblankets?
CONTINUED
 IncorrectperceptionoflowCC ofentra
 Nuclearenergy?
 Perceived extraordinarily high C of fa   C 
 LowDforsamereasonsasairtranspo
 Shuttleorbiter?
 VF isnotdirectlymeasureablefornon
 Cd andDarenotknownfromeasilya
 Largetestingcostsappliedtoengines,avionics,t
 SRBsandfoamwereconsideredmature(lowtes
 Formulaismeanttoanalyzeachange
 After1986,military&commercialdropped– pre
 In1986changefromquasimilitarycrewtocivilia
 Betweenplanningandopstherewasa100to1
ples F
O
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ilure
Wewillanalyzethis
i th i t
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n eexerc se– nex
profitspaceprojects– perhapsusetotalcost
ccessiblepublicrecords
ileswithmanytestingdefectscorrectedhighCd/D
ting?)andmanyoperationaldefectswereignored(highD)
(delta)
sumablyVF lower,changeinRO from1/50to1/84(nearlydou
n(teacher)– norelookatRO – comparetoWWIIbombingr
reductioninflightrate– howwouldthisaffectRO ?
Project Manager Ex
 Commercialtransporttoorbita
  
 GoalistosellticketsatVF =$1million
 UsingnextgenerationSpaceXreusablelauncher
 10passengerreusabletransport,devcost$250M
fl h k k $ / 1 ig tawee gives10x50x250 = 250M yrn
 Passengerssignwaiverofliabilitybutthisisnote
 Atfaultaccidentliabilityestimatedat$1Bandno
 Hotel & investors insist R << 1 / 5 yea    O    
 1/25yearswouldbe1/1250flights,still1000x
 Testingprogram
 10 test flights revealing 5 major but not fatal pro  ,      
 Youareconfidentfromriskanalysisandtestresu
$1 .75MR 
$1 $50 / .1O B M
ercise:
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withrecurringM<$750kperpassenger
20x<costofcurrent$133MforDragon7passengervehicle
,2copies
etrevenue
xpectedtoholdupincaseofvehiclesystemsfailure
onewillinsureatreasonableprice
rs to guarantee profits after liability    
moreriskythana1000mileautotrip(1fatalcrash/100Mm
blems giving C = $50M,  d 
ltsthatD<.1(onemoreprobleminanother10flights)
.25 1M
  seemslikeaprd b
1.5 6000B
goo num er
Crisis:
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O
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 AfterRO publication&failureo
O th t’ l 600 fli ht ith
$1 $50 / .1B M
 ops, a son y  g s,w acra
 Ticketsalestopoutat100duetoperce
 Hedgefundofferstorescuecompany,
10 fli ht / f $500M tl fi  g s year,revenueo  ,mos ypro
 Founderasksyou…
 Whatisriskofhedgefundplan?
 Howmuchmoneydoyouneedtomeetoriginal
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/C dC C1.5 6000B
s expec e every years
ivedrisk,theventurewillfail
alterticketpriceto$5M
t
goalof25yearcrashintervalexpectancy?
Duetolowflightrateandhigh
financialpressureoneachflightn
planexpectscrashesevery3.5yea
Spendanother$100Mfor10testfl
(total20)andifnoproblems,D<.
& d ti k t i $50kre uce c e pr ce
etpricecarriers,isalsooneofthesafest
Caveats:
 Linearapproximationrangemaybev
 Still extremely useful for detecting direction of c     
 Staticequilibriumequationonly
 Doesnotconsiderdynamics(speed),buthuman
 All eggs in one basket equation portfolio (Marko     , 
 DeterminationofDisnotstatistically
 Infeasibletomountthousandsoflargemissions
 Use engineering analysis & inference methods al     
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srespondremarkablyfast,consideraviationinferences
witz) approach unused by NASA since early 80s      
valid
ong with independent verification [next slide]    
Duetolowflightrateandhigh
financialpressureoneachflightn
planexpectscrashesevery3.5yea
Spendanother$100Mfor10testfl
(total20)andifnoproblems,D<.
& d ti k t i $50kre uce c e pr ce
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Conclusions:
 Providesinsightintoeffectssuchasm
 Economic theory (supply curve more is more dif   ,   
 Neededtoproviderapidadaptationto
 20yearsistoolongto“gainexperience”withcu
 Cheap vehicles need many test flights    
 Expensiveverificationisincompatiblewiththeco
 Alternative(usedintheexercise)istogetDvery
 Need a way to account for distribution of severit       
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to lower D  
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